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Abstract 



Considerable attention has been devoted in recent years to theories of test 
eomprehanslon and recall that stress the Importance of pre-existing 
knowredge atructures or schemata* While acknowledging the valuable 
contribution such research has made to our understanding of the reading 
process and the various dliabllltles that often attend its acqulaltlont 
several shortcomings of schema^theoretic work that may restrict its future 
usefulness are discussed » The areas of concer^n Include the specification of 
component processes and their patterns of co-occurrence In less able 
readersi Individual differences In cooprehenslon stylei efficiency of 
knowledge^based processing (Including Issues of auc^matlcltyi Imiersloni 
cognitive econoay of representation, and economleai deployment of 
resources ^^^earnlng (including trans^situatlonal integration and conceptual 
change) I and nondenotatlve aspects of understanding* 
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Schema Theory and Reading. Gomprehensioni New Directions 

A large volume of research in recent years has led to the. Inescapable 
conclusion that comprehension li a constructive process* By that it Is 
us.ually meant J following Bartlett (1932) ^ that explicit Inforfflatlon in a 
text Is insufficient for the specif ication of the meaning of that text. 
Rather^ the complete meaning is "constructed by combining information from 
the various iources that con^rlse the context of the text^ e.g.| prior 
knowledge. Unguis tiCj situational, and task contexts* It Is this act of 
combining Information to produce a tiKC'a understood meaning that is 
referred to as construction* Of the various Impinging cont^Kt^al factors ^ a 
central role belongs to the preexisting knowledge the comprehender brings to 
bear to Inform the under stanaing of a given text. Along with the 
realisation of the Importance of prior knowledge In the aequfsition ofi new 
knowledge Has come a spate of thepretleal work coneernlng thfe content and 
organization of knowledge, as well m the processes by which prior 'knowiedge 
er^certs Its Influence* This work has been carried out iinder rarloui rubrlcf 
Including schtoa (Anderson, 1977| Rumelhart & Ortony, 1977| Splrog 1977)^ 
script (Sehank & Abelson, 1977), and £rame (Mlnsky, 1975). For the purposes 
of simplifying the present discussion, these will all be referred Co as 
"schema thfsories." • 

The constructive orientation, with Its atti^ndant femphaals on the i 
importance of what one already knows In datarminlng what one will come to 
know, must be considered an improvement over the narrow "bottom^up" 
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conceptions that earlier dominated thinking about re 
the uaefulneaa of 'schema t'heories to those interest 
coraprahenaion is not to quickly reach a point of di 
believe more research will have to be Initiated ir 
, currently being neglected. In this paper I sketch ^ 
those needed directions ar^.. 

JP££i£^4ii^ CQfflponent jProeeaaes and Their Patterns 
of Co""OCeurrence in Less Able Readers 
I sometimes get the impression that people think the main implication 
of achema approaches is that if a child is having problems with 
compreKeuslons they are caused by a deficlendy of requialte knowledge. The 
so'lujtlon| 'thenj la merely to build in that knowledge. Clearly, availability 
of appropriate background knowledge is necessary for comprehensioni and many 
reading problems may be traceable to mismatches between background knowledge 
presumed In a glviin and that actually possessed by the reader. 

However^ schema availability Is not a sufficient condition for 
comprehension- Schemata may be available but not accessed appropriately or 
efficiently* Even when an appropriate schema Is brought to bear while 
readings is riot automatically the case that it will be used 

t f 

appropriately. More attention needs to be paid to top-down processing 
difficulties that go bey^d schema availability # ("Top-down" may be loosely 
equated with *'knowledge^based , *' "bottom^up" with "text^based.") We havp to 
say more than that prior knowledge matters. How is prior knowledge used? 
It is very possible that there are a variety of things that can go wrong in 
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top-down processing. However^ unless we know better what should be 
oecurrlngp It will be difficult to precisely determine what Is going wrong. 
Thus we need fo Identify and model the components of the process by which 
preeKlsting knowledge affects the comprehension of new knowledge* Toward 
this and, let me suggest, at a very general leveli several aspects of the 

total process that may form a useful taxonomy to guide further study. 

□ 

1. Schema acquisition . Where do our knowledge structures come from in 
the first place? This question continues to puzzle developmental 
psychologists. Cognitive psychologists of the last twenty years have had 
little to say about learning. (This topic will receive further attention 
later.) Howeveri various difficulties could result from problems of schema 

■ , i 

acquisition, if schemata are not acquired In great enough quantity! they 
may tend to be frequently absent, leading a child to think that his or her 
knowledge is not relevant even in those cases where it might be (see the 
following discussion of "general" schema unavailability). Or if the 
schemata tend to be insufficiently general and overly tied to personal 
experience, they may not be readily enough applicable to a sufficiently wide 
range of situations. Even when an individual has a rich store of schemata, 
it Is unreasonable to think he or she will have a prepackaged knowledge 
structure for every situation that may be encountered. Sometimes knowledge 
structures will have to be built (or at least altered) to fit the demands of 
a given situation (see the discussion of generic cognitive economy of 
representation). It should be noted, however, that the demands on writers 
and speakers to be •'cooperative" (Grlce, 1975) suggest that this problem may 
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not occur as often as one might thlnk| If it Is expected that readers or 
hearers will not have appropriate prior knowledge to understand a dlacouraei 
cooperative commjnlcators are expected to provide It. 

^* Schema gelectlon * How does one know which knowledge structureCs) 
to bring to bear In a given situation (Including those sltuatlani for which 
a directly relevant achema does not exist, so that a structurally similar 
one must be selected and used by analogy) a schema Is Inaccessible. It 

has the same consequences as If It were not available* If It Is not readily 
and effortlessly accessible^ the flow of other aspects of the process may be 
disrupted (see the section on top-*down processing efficiency). 

3* Schema Instantiation and reflnemenfc^ -^^ discourse proceeds ^ the 
variables or slots In generic structures must receive specific 
Instantiation* That Is, we start off with a general model of what a 
discourse Is about , and that model mist be progressively refined as more 
Information Is received. We probably understand this aspect better than any 
of the othersi see Rumelhart. (1980) and Collins^ Brown, and Larkin (1980), 

4- Schema change and maintenance . Agaln^ as discourse proceeds * 
different schemata will have to be brought to bear at different times ^ 
dapending on signals from the text* What may be less obvious Is that a 
schema which has had its relevance clearly signaled at one point In a text 
will often continue to be relevant long past the point of the original 
explicit signal. 'In these cases there may be problems of schema 
malnten^ncai which In turn produce problems of information Integration 
across segments of text. (Splro, BoggSi 4 Brummeri Note 1| demonstrate the 
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exiq^t^ee of just such a problem In soma c^ldrsn with comprehenaion 
diffleulty.) 

^ 5* Schema coahbl nation. In somei perhaps most^ cases. Individual 
knowledge atructures will not suffice for understanding a given part of a 
discourse. Ra^therj schemata will have to be combined. Furthermore^ the 
result of that combination may issue in a product not "Inferable by an 
additive combination of its schema parts. Needless to says such Issues of 
emergence are still poorly understood in psyehology. 

6. NQna nalytle aspects of schema^baaed process ing . These are 
discussed in the last section of this paper. 

If there are problema with any -of these types of processes , reading 
difficulties may ensue. Unfortunately, we know very little about how they 
all work* For somes it may even be too much to expect answers to be 
forthcoming in the near future^ because they get at basic questions, of 
cognitive functioning that have resisted solution by philosophers and 
psyehologlsts since the beginning of recorded thoughti What are insight, 
creativity s thinking? *How do these phenomena occur? After all, we now 
realize that comprehension is a kind of problem solving, bUt we still are in 
the primitive stages of discovering where the solutions to compleK problems 
^pma from. 

Once^che component proceases are identified and' we know how they 
operate^ we can then ask more precise queatlona about ^what might go wrong in 
chlldreii having difficulty comprehending. Do they generate too many 
hypotheses about what a text Is about (l*e., which achemata are appropriate 
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for its understanding)? Too few? None? Are hypothases, once generatedi 
characterized by inflexibility* ^hen they have to be changed? By Inertia? 
Do they access their schemata too early, prematurely locking themselves into 
interpretations that are not warranted by the data of the text? Or do they 
wait too long, so that by the time a schema is selected much of the' 
previously read Information has been forgotten because It lacked an 
organising framework? Is text content inappropriately mapped onto generated 
hypotheses? Are hypotheses Inappropriately evaluated, with little or nb 
checking to gee if subsequent parts of the text fit (see Brown, 1980)? When 
we better understand what comprlies the process, we^ can then systematically 
attack the important question of where the a earns in the process are* What 
probleraa tend to co^oecur, forming unified deficiency syndromes? (This is a 
question that has been asked before, e*g* , in the various factor analytic 
approaches. The problem Is that a component model corresponding to schema"^ 
based processing has never been Incorporated Into such an analysis*) To what 
extent are breakdowns idiosyncratic? Does the same individual tend to have 
the same or different breakdown patterns across situations, types of 
material, levels of 'difficulty of material, etc.?* . 

Naturally,' the recomended attention to the components of knowledges- 
based processes must be complemented by further investigation of the 
composition of the knowledge structures themselves* In par'ticular, it would 
be nice to know what is in common across the efficient representation of 
knowledge in the various subject area domains, and how the representations 
of Individuals can be assessed. . 
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In a iense, each of ths remalrtlng sections also deals with deficiencies 
In our knowledge of the specifics of the contribution of prior, knovrledge to 
comprehension* They differ from this section in that they deal with 
particular problemsi the current section was intended to argue f^r^a mora 
detailed inquiry Into the CQmponents of .the entire process and their Ay 
interaction* 

Individual Differences in Comprehens ion Style 
Clearly there are differences in the component akllls of ladlvldual 
readers that affect their performance* . However^ a theoretically distinct 
question that can be aiked is whether indlviduala with comparable reading 
skiria all read the same way. Here the question is not so much concerned 
with differences between more and less able readers j as with differences In 
comprehension st yles . Despite, the fact that constructive procaqses in 
comprehension have been the subject of continuous Investigation for over ten 
years now, there has been next to no consideration of Individual differences 
J^n that vein* If someone who accepted the constructlvist premise were to 
ask whether everyone did It in the same way, there would be no basis for a 
reply. This Is particularly surprising given_thaL emphasis In constructive 
theories on personal contributions of the comprehender, and the use of ^gre 
natural and personally re of stimuli that have characteriied the 

movement away from the isolacad materials of the verbal learning tradition. 
/ Recent work has sho^n, however, that all those with comparable reading * 
skills do not process text the same way. Rather, Indlvldualli differ in the 
way they allocate their limited capacity processing resources. As we have 



Schema Theory 

repeatadiy seen demonstrated, reading comprehension Is an Interactive 
process (for a review see Adams * 1980). What ysm already know Informs In 
top-^dcwn faahlon information from text that Is being processed from the 
bottoitt^up. At the most general level| some individuals seem to rely more on 
the contributions of text to understanding; others stress processes based on 
what they already know. ^Is is true of adult skilled readers (Spiro & 
Tlrrev 1980) and of children who are far from maturity as readers (SplrOi 
Tirre^ Ereebodyi Sr DeLoachei Note 2). Por\ the former^ the pattern is 
frequently one of an optional, distribution M processing In a preferred ^ 
direction* with little effect on success of performance. For the latter * 
the problem sometimes appears to be more serious i- with maladaptive patterns 
of Qverrel iance nahlfest. ^ , , 

The instructional Implications of. such findings 1 If the interpretation 
continues to be validated by future research 1 eppear to be profound. 
Common sense would suggest that the most .effective strategies for correcting 
the problems of individuals with one type of style would be eKactly vthe 
opposite of. what would most help ehildren with the other type of style. For 
eKample^ if a child Is overreliant on the t^t| Instruction should seek to 
enlighten the child as to the Importance of ubi^s prior knowledge as a 
context for understanding* Howeverj the child who Is not paying enough 
attention to the text\ will find his or her problem reinforced by instruction 
that stresses using prior knowledge more!^ Hence a failure to corislder 
individual differences In reeding comprehension styles in the classroom may 
lead either to helping soffl^whtlehuf ting others or, if a middle road is 
adoptedp providing ^optimal help for nobody. j ' 
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Thm BtQty on dlseourse processing styles does not stop with the 
diahotomy just discussed, howevar* One must also leonslder the etiology of 
an Indli^dual'^s style (Splro, 1979). A given sty^ can result from a 
variety of causei, and each might Imply its own prtferred treatment. ' 
Consider the ease of ovarrellance on teKt^based (ori bottom^up) processing: 

1. A child My lack | the requisite schema for understanding particular 
passages. Claarly j in tho^|-cases where knowledge is not avallablei ^dt . 



cannot be applied* \1 call this local schema unavailability. ^ the other 
hand, a child .may tend to be knowledge^deflclent across a range of 
situations, which I refer to as general schema una val labilit y. In the 
latter case, a taxt^based reading^style may develop, i/ 

\? ^ ■ ■ ^ - ■ . V " ^ ' . / . \ V ■ ^ 

2* As we have^ already Indicated, skills and styles, are considered t)^ 

." ■ ^ ^ ■ ' \ ^ ^^ ^ 

be p^irt of a two-tiered ,mo^el of individual differences. That is, skills 
are not considered to be perfectly determinate o{ styles pr vice versa. In 
general, a ^dven skill deficiency should be able to result In either ^ 
'prbcessing style. depending on whether the child perseveres in the problem 
area^r attempts to escape and cbmpensate« For example,^consldei* a child 
who is slow and who expends a ^ great deal of effort at word Idehtlflcatlon, 
Suck a child may persevere dt decoding, utilizing so much otf available 
processing capacity that others higher order^,>cotaprehan8^n processes 
sufior from .the ensuing "bottleneck" (Perfetti S Lesgoldi 1978)* an:the :, 
other hand, a ehlld with rfuch a problem may try to aacape from the ^ 
unpleasant task for which he or sha possesses so little skill by doing other 
t>^nga to compahsate, Hara the child may come to rely ori top-down \ 
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proeasslng to guess at many of the WDrds In a teKt. the same indeterminate 
reaatlon would apply to a deflelent top-down processing skllli e.g»| 
Ineffective schema selection. The child could work harder at identifying- 
requisite background knowledgei detracting from bottom-up pFocessing, or 
escape by ovarrelying on botto^up processing. ' * . 

3. Some children seem to have a misconception about reading (Canney & 
Wlnograd, 1979| Sp^ro & Myers, Note 3). They think that reading is a 
bottom-up process, and that top-down, extra- textual activities are 
Inapproprlata. Such a child may 'develop a botto^up bias because that la 
what the child thinks he or she is supposed to do- We know very little 
about children's conceptions of reading and even less of their causes. 
However, . reasonable candidates with respect to bottom-up biases include code 
emphases in early reading Instruction, Insular and irrelevant reading texts, 
and tests that stress literal bontWt at the expense of its Integration with 
relevant preexisting knowledge « 

4. Soma Individuals seem to have general cognitive processing styles 
«that dictate ^their discourse processing style. For example, some people 
have difficulty overcoming the closure of a geometric stimulus configuration 
In orde^ to detect a memorized targM configuration within It. These people 
are said to be stimulus-abound, lacking In freedom from GestalCbindun g 
(Thurstone, 1942), or field dependent (Wltkln, Moore, Goodenough, a Cox, 
1977).. '^hls style of stlmulus^boundedness generalizes to a variety of 
situations (Wltkln et al*, 1977). Does It generalize to text, where a 
structure from mpmory (a schema) must be superimposed on a more external 



atlmiXua structure (that of the text)? Spiro and Tlrrft (1980) found that to 
Indeed be the case. College students scoring lower on an embedded figures 
test (with vocabulary scores statistically removed) used their prior 
knowledge less In the performance of a discourse processing task* - 

5* Sometimes there may be small areas of breakdown or "bugs" in a 
child's, processing routine that create the appearance of an overrellance on 
the text. For example, we have found (Spiro, Boggs, & Brummer, Note 1) that 
some children have difflcuities with schema maintenance across sentences 
(for reasons other than forgetting the earlier information). However, top* 
^down processes within sentences are carrled^^^ top^ 
down processing apparatus of these children Is ititact and operative, but a 
bug keeps them from demonstrating it to full effects I would call such 
instances "pseudo^styles." 

The pilot study by Spiro et al. (1979) found thaf three of these 
etiological factors (decoding skill, cbgnttlve style, and general schama 
availability) were somewhat predictive of discourse processing style in 
fifth- and sixth-grade children. However, all of the preceding dlseusslon 
awist be considered conservatively # More work need? to ba done to 
demonstrate the reliability, validity, and range of application of these 
findings across types of tasks attd texts . Thetr potential praatlcal 
Importance, however, should^make the study of individual ttlfferenccis from a 
constructive viewpoint a major priority in reading research. ' 
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= Efficiency Qf T5p^Down Procagglng 

A point often overlQQked In schema^theoFetle research la that 
individuals may be able to eKecuta the varloui prooesses of comprehanslon 
under soma set of Idaal conditional but have dlfflaulty uniier the real-time 
constraints of reading In naLtural settings because some of the proceaaei are 
not executed efficie ntly . Efficiency is a topic that has recelyed 
considerable attention with respect to bottom-up processes following the . 
paper by LaBerga and Samuels (1974) oj^ automaticity (see also the j ^ 
demonstration by Perfrttl & Hogabbam (1975) of the Importance of rapidity of 
decpdlng) i Unfortunately, there has been'^aln^st total iMgglflct of top-down; 
processing efficiency, despite the fact that Inefficient top^^down processing 
caUj In principle, contribute as much to reading deficiency as 
Inefficiencies in word Identification. In this section we consider several 
aspects of top-down processing efficiency* autoomtlcltyi" cognitive economy 
of representation (episodic and generic) , and cognitive economy of resource 
deployment p As a general point, any of the processes discussed earlier in 
the section on components should be capable pf sfficient or Inefficient 
execution* For example ^ schemata can be selected rapidly and without 
requiring conscious awareness, or selection may occur only after a process 
of effortful, self-conscious consideration. ^ * 

AutODiatlclty . . 

rtie point for reading instruction again Involves our limited capacity 
as Information processors. There la a limit on the number of things we can 
devote conscious attention to at a given tlmt« If much 6£ this capacity . 
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muit be usadvfor procassea of word Identification, a bottleneck will be 
areated that Inhibits other Important cooprehenilonproeesaei (ef# Parfetti 
& Lesgoldj 1978). On the other hand, to the extent that word Identlf loation 
can proceed without requiring conscious attention (or at least rapidly)* 
more capacity will be freed to do such things as think about what one Is 
reading. Note, however, tHat much top-down processing may also be autoniatlc 
(with similar ramlf icatloni regarding limited processing capacity)* As 
adults j^lf we read The child was carelassly playing with the delicate 
pitcher and it suddenly fell to the floor , an Inference about It probably 
breaking will typically be made without Requiring any conscious effort* As 
an eKerclse, read a prose passage as you normally would. Think about what 
It all meant when you are done. Then^ go back and see how much additional 
meaning you Imported to the text without having been at all a|?are of doing 
It* Such eK^ples of automatic top-down processing are ubiquitous. We tend 
to no longer be aware of 'It because of the high level of skill we have 
achieved. But a child may not be doing as much automatic top^'down 
processing as wa take for granted* V 

Any of the cbmponents of schama^basad processing that were discussed In 
an earlier section can be eKeout^d autotoatlaally or not* -For example , where 
w© would automatically select a schema to Inform our understanding of a 
given text, an Inefficiently comprehending child might have to labor over 
.the question of what the text IS; about r what already-possesaad knowledge 
must be brought to bear to understand It, etc* Such conscious attention to 
what could be an automatic top*down process can have as severe consequences 
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for the f^'ow of text pr^casslng as labarlous decoding. (Note, however, that 

^ j _ ■ ' ■' ^ . 

It le not necessarily the aaps th4\t more at^itioQ to one proeess will 

pifoduea Interf e renc0 with other^ .processes^^iutual facilitation Is ^always 

another possibility*)^ 

/ ' _ ■ '''' _ ^ . . _ - - 

/ Unfortuna^tely, we know little about how processes below the level of 

consciousness operate, perhaps beeause their unavailability to Introspeetlon 

make them more difficult to form hygothesss about 'and subsequently \ 

Investigate In^rlgorous fashion. Philosophers have devoted some attention 

to the question (e>g*, Pplanyl, 1966) t Some speculations' based on ^ \^ 

>^¥yichologlcal^models^^^^ 



Activated whenever their superprdlnate structuves arei see Schank & Abelson, 
1977, and Splro, Isposltb, ^ondruska, 1978)* : In general, however, there 
la little we can say conclusively on this matter. ' 

Issues get fuizler still when one thlnHi of a special kind. of 
automatlclty^lmmerslon* Often wMlen we are reading we become so luvolved in 
what we, are reading that we forget;, that we are reading* This la the ^ 
commonly experienced feeling colloquially expressed as -getting, 1^^ 
something* Yet, If we pay more attention t6 the details of our reading, th^ 
process suffers. Although It seems intuitively otivlous that there are 
advantages of such a processing mode, we have little .Idea of what they might 
be, much less how the abllltyto Immerse develops. Its preconditions, or 
even what^ Is going on when you are lisbiersed that Is not going on when you 
are not* I would venture one speculation i It Is something more than an 
ability to eKecute more conventional analytlc*typa mental activities as a 
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benefit of f raed^up Informaclon processing capaeity. ^ Rather, the proceafllng 
aeams to be of a very different klnd| thare is ,a greater sense of directly 
experiencing what la being reiid. ^e "feels It more. " The role of auoh 
feelings in cognitive processings an unexplored topic since Bartlett 
proposed his concept of. attitudes Is discussed in the last sectlont 

CQgnitlv e Economy of Representati on 

' . Much of the information that we encounter Is at least imperfectly " 
derivable from other Information already represented in memory. Does such 
derivable Information receive an Independent and durable representation in 

J^long-gterm^memQry,?_ > Results of an experiment by Splro h Esposlto (1977) 
indicate in the negative. For eKample» if skilled reading adults read that 
a karate champion hit a block during a demoustratloni and they then read, 
that the block broken the latter information can be shown not to be 
explicitly represeiited in memory shortly af tar residing. When information Is 
subsequently presented In the story that vitiates the force of the 
derlvablilty of the predictable information (etg** the karate champion i^as 
having troubtt concentrating bacause of a fight with his wife that day), 
thiis blocking Its derivatloH If It was not storedp skilled reading adults 
tend to say. either that it did not say^n the story whether the block br^e 
or that the block did not .break. Furthermore, they are as certain about 

< these errors as they aire about accurate memories. Such errors do not occur 
when the target information is made less predictable, and they ^can be shown 
not to be 'due to representing the predictable information and subsequently 
fflodlfylng that representation when the vitiating Information Is encountared* 
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I would argue that mlnlmlsging rapresentatlan where posalble (probably 
not Intentionally) contributes to efficient discourse processing. Much of 
_the information we take In will either be used Infrequently in the future or 
not at all. In that case It is more economical to lessen the cognitive 
effort expandad toward complete encoding. If information may be derived, 
from already encoded information (even Imperfectly), then it may receive 
less processing attention and be left to be derived lator If It la needed 
rather than having to devote time and processing capacity to over- _ 
elaborately encpding it. This has the advantages of not cluttering up 
mental'representations (perhaps facilitating the retrieval of Information) 
and, more importan^v^^oj freeing tim# and caj^Wclty for thinking mora about 
what one is reading ra t her than t^^^ about how to remember what one has 

readi- -Jt is., posilble^that Ls^ proc ess ing 
problems may be traceable to uneconomical representation strategies '(see|_^ 

for examplei the earlier discussion of teKt-blased processing styles). 

' . t ■ ' , , ^\ ^ • . 

The cost of cognitive economy is occasional inaccuracy In remembering. 

* . ' ' ^ _ ^ ■" _ ^ -"^ " . . 

As a matter of facti-some children may have representations that are too'^ 

Sparse. That 4Si they may overestimate the future derivability of 

information. : Consider the often hfard plaint that material that seemed 

solidly :encoded when studying for a test was a blank when the test actually 

arrived. Although we have no data yet on the existence of iuch a strategy i 

It^wQuld fit with a commonly observed tendency even in the most skilled^^of 

Information processors to make Inappropriate use of existing knowledge to 

estimate the future likelihood of events (Kahneman^^ Tveraky, 1973). 
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Particularly relavant Is the finding of Flichoff (1973) that individuals 
prtaancad with answers to quastlons tend to^Qvarest'lmata tha probability 
that thay would have been able to generate the answers themselves had they 



not been provided « Mght not^ In similar faghlonp some readers tend to 
erronaoualy think that aKpllalt Information in text, onca enoountared, was 
"obvious J " and thus may ba suparflelariy proeessad? 

One thing that enables accurate cognitive economy of representation Is 
the davalo^ent of highly ramified knowledge structures « The larger the 
aluster of mutually lmplled< Information,^ the greater the number of , ■ 
opportunities to leava Information to be derived later If naeded» Agalni 
poor readers may havadlfflaultles capitalizing on potential cpgnltlva 
iconOQles, now bacausa of the way their knowledge Is organl^ad. 

,1 call the klnd,jof storage economies jiist discussed epis odle cognltlva 
econoo^i That Is, thay concarn the rapresefttatlon of particular, detailed 
Information. A^elatad phenomenon can ba called generic cognltlya economy 
of rapresantatldn, a notion like that occasionally proposed for ^tha ^ 
representation of Individual words In "semantic memory" (ef* Golllns €r : 
Qulllian, 1972). First some background* Much of the modeling of knowledge 
structures has taken the. direction of*^ proposing pracompllad (I .e. already 
assemblad) packages of Information. M eMmple Is the scripts of Schank. and 
Ab^lson (1977) • "^sjt does seem to be the case that holistic sorts of , 

to a 



knowledge are brought^xto bear to understand^ for example, a trip 
festauranti it Is what paiialts the aplsoda to be appreciated as a connect 
activity and .enables mlsslng^ebimants to be Itoported J.n the constructlva 
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manner. Msop the psyahological reality of scripts has been conflrnfied 
empirically (Anderson, SpifOi S^taderson, 1978| Bower, Biack, S^Turner, 
1979), 'However, to say that knowledge may be brought to bear as a whole is 
not the same as to say that that knowledge Is represented In compiled 
fashion when not being used. ^ alternative is that knowledge is stored in 
more fragmented fprm and Is assembled when (and as) needed, in a kind of 
ongoing programming of prior knowledge (Schankp 1979| such fragmentation waS 
suggested by earlier schema theorl sts like Rumelhart ^ Or tony i 1977 , In 
discussions of hierarchical aspects of representation and knowledge 
embedding). A virtue of this latter organizational principle la that It 
answers a critical question often asked of schema theoriesi How can you 
"have^a^reTTackirg^^^ 

you will encounter? The answer then becomes that you don^t. Rather, the 
knowledge structures are ( re)bullt to fit the needs of the subtly changing , 
variety of situations that they must help Inform, thus^ permitting greater 
flexlbllity.in their application. ^ The efficiency point h^re, besides 
whatever advantages may accrue from lessening storage requirements, relates 
to the variable quality of fit that will exist between the purposes of^ 
understanding in some situation and the knowledge brought to bear for those 

■ ■ " - / ■ . ■ ■ - ■ ■ r ^ ■ x, 

purposes. Bie more degrees of freedom available for adjusting the knowledge 
context, the greater the potential for more optimal fit. An analogy may be 
drawn to posture, wjhich Is endlessly fluid, yet very accurately recognized. 
We have knowledge structures that'-'pieTrmlt us to take the varlety=of=external . 
signals that we receive and integrate them to form a background for an 
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undaracandlng of the current "postural seene." If rigid kno%/ledga 
straetureB had to be used to recognlza the Infinity of postures * In their 
Infinity o^fx^preceding oonteKts, the process eould not work nearly aan^ell as 



it does. Perhaps then, the same is true for text understanding, as well as 
any other aetlvity In which humans demonstrate their characterlitlc symbolic 
flexibility. It Is Interesting to note that the pSche^a model of postural 
recognition proposed by Head (1920) was an Importan't antecedent of 
Bartlett's theory.^ 

How la knowledge organiied to permit such flexibility? Obvloualy, we 
have little Idea at this time^ A simple hypotheals mayj however, be ' 
proposed. Knowledge structures that are used as wholes (e*g. , knowledgej 
about trips tol^restaurAioL^^ or scenes of two, types: 

those fairly unique to the event (e*g*\ ordering food) and thoae that arelln 
eommon with other events (etg*, fating food)* Those aspects that are sharpd 

: ' ' " ^ ' . ' ■ ■ \ : ■ ^ ' - ■ ■" ' ' \'' 

across types of events might than be stored in a single common location, 
rather than being repeatedly represented with each type of event (artificial 
intelllgenca programs operating on .this principle are being developed by 
Schankj 1979). Each of the events that share the structure wouid have v 
pointers to the shared location where more information Is available* 
Geiierlc event knowledge would then ^be compiled by combining tho|;a aspects of 
the' dacomposad knowledge structure that are unique with thosi^shared ones 
that afe needed* Note that forevents that arp less routtniied than going 
to a restaurant there would be more degrees of freedom for adaptlv^ : . 

flexibility in the way the ongoing aonstrue tio n of prior knowledge occurs. 
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(Clearly 1 the details of the compiling proeess have beeii left largely a 
mystery* However^ 'since It surely would be conceded that we have the 
ability to build knowladge' atructures over some, period of timei why would 



the time available during CQmprehenaidn be, in priwiplev^nguff icdent? 
What must be avoided la a permanent recourse to explanation by mysterious, ^ 
hofflunculus""llke conatructst) . / 

What would be the Implications of such a redonceptuall^atlon of the 
nature of knowledge organisation for reading inatructlon? For one thing, It 
D^ght suggest an emphasis on knowled ge assembly , in addition to that ^Iready 
placed on knowledge availability* The problems one looks for are 
constrained by oha'a theories.. What new problems might be suggested by a 
theory of decomposed schemata that are assembled In ongoing fashion? Two 



come "Iffliifad ta tely= to= mind #_^Some_chl Idr en may store too much generic 
knowledge In rigidly precompiled form^ reducing the ability to adapt- _ 
flexibly to the subtleties and. nuances of difference from one superficially 
siirilar situation to the-neKt. . If a given text does not fit the tightly 
.prescribed forrailas Inscribed In memory. It will be less than optlmaily 
underitpod# For other children perhaps there Is Inappropriate generic 
cognitive economy I l.e«, knowledge Is decofflposed In such a manner that 
recofflposltion is inhibited* Finally, some children may lack the processing 
apparatus to handle the Increased ^demands placed on compiling knowledge when 
and as is needed. > ^ 
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Econom ical Dep loyment of Regourc es 1 ' 

This Is an area of reading efficiency that has recilved some 
considerable research attention and therefore Is not discussed here. Very 
briefly, the important aspects Include selectlvlty^paylng appropriate 
amounts of attention to different parts of text as a function of conteKtual 
factors (Reynolds, Standlford, S Anderson, 1978), as well as the 
computablllty/derlvabillty of Information (Splro, Esposlto, SVondruska, 
1978)--and Interactive fleKlblllty (e.g. , shifting resources between 
bottoDr'up and top-down processes as a function of such characteristics of 
text and context as famlilarlty, syntactic complexity, etc.)* 

' ' Learning / ^ ^ 

The movement , away from behaviorism in cognltlvfe psychology,, for. all its 
virtues, has had art unfortunate consequence. We are now able to talk about 
states of knowledge, and processes that operate on those st'atesj the 
unfortunate conco^tant to this static orientation is that there has bean 
very little new thinking in the qonatructlve paradigm about the process of 
moving to new structural states, l*e* , learning* It is suggested that, In 
addition to the attention we have teen paying to how knowledge affects ^the 
processing of text, we need to be concernad\wlth how the processing of text 
affects the ievelopment of new knowledge, too aspects' of the neglected 
topic of learning will be dlscussedi trans-situatlonal integration and 
conceptual change. 
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Tr ans^S 1 1 iia tk onal Integration 



^When you are reading the latest Ins t a 1 Imen t 1 n Ne wa we ek : about the 

-! t 

energy crisis, if you have been following It In the past, you will probably 
not endeavor to form a complete Insular representation of the article as 
your goal of understanding* Ratherwyour goal will pro^iably be to Integrate 
what you are reading with what you already know of the iubjectj with special^ 
attentlonv to information that Is new. That Is, your goal of reading is -to. 

update your kno^y^edge. knowledge updating Is hot automatlci It is under ; 

■• - ■ ' ^ ■ . ' ■ ■\- ^ . ^ \ J-L.^^,. . ^ ■ 

Strategic control. Sometimes, rather thdn integrating related pieces of 

Information across thelsltuatlons in which they are encountered, information 

Is compartmentallged by acquisition situation* v% ^ r- 

Jhls tends tot happen .with material to be remembered in memory experiments 

under^convehtlbnal Instructions and with the typical esoteric and/or useless 

prose materlalsv^iimployed (Spl^^o, 1977). Tfie danger Is that It may also be - 

happening in the schools. This would not be very surprising iflven the fact 

that the kinds of tests that are most convenient to construct,. administer, 

and grade also tend to reward compartment^liiatlon* There are situations, 

of course, where it is desirable to maintain the particular Identity of a 

given text. For example, law students must try not. to blend various cases 

that bear otf a' given Issue. However, In many school situations, a knowledge 

updating mode would seem to be preferred. A child is exposed to information 

about the Civil War on many occasions during his or her schooling* I ddubt ; 

if many educatorsvwpuld want the Inforfflation about the Battle of Gettysburg 

contained In a stventh*grade history, text to rectlvt Its own Insular 
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representation rather than being Integrated with other knowledge already 
pDSsesaed about that battle, the Civil. War , war In general, and perhaps 
interpersonal relatloni and the plight of man* The questions that must >e 
addressed Iri^cludei How Is trana^sltuational Integration promoted? Answers 
provided by experimental psychology up to this point are minlmals e*g., that 
using the same wording prbmotea integratlon"see Hayes^Roth and Thorndyke 
(1979). When should it be promoted? What are the aosts of Integration? 
(ihese wiir certainly include a certain amount of forgotten detail not 
sharing the organizing principle of the body of Infotiaatlon being Integrated 
%fiih.) What are the consiqueneas of failures to Integrate? Beyond ;the 
lobvloue consequenees of compartmentallzatlons e*g. , that knowledge of a 
given tople will be hopelessly diffuse and that speeiflc Information may be 
harder to locate if mora locations are potential raposltories (sea the 
earlier diaaussion of efficiency and oognltlve economy of representation), 

failure to Integrate may lead an individual to miss some crucial connections 

' ., ' ' ' ^ 

between plecas lot InforMtlon^ that are necessary for eoncaptual change to 

^ / " ■- ■ ■ .._ ■ 

occur I a topic( wa will now consider- 
Conceptual ■ Changa 

_____ ._.__._. ^ , ^ ^ - ^ _ 

.There, are a variety of klnda of learning. , One kind that cognitive 

paycltalogy is fairly adept at daallng with is^he type that invplves 

incorporating naw informatioa into agisting struc*i|res without thereby 

substantially alta|lng thosa structuras- This is like what Plagat has 

callad assimilation. Arguably, a mora Interesting kind of laarnlng in the 

educational process Involyastha radical rastructurlng of eKlstlng knbwladge 
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as a result of encouncaring new Information^ what might be called conceptual 
change or^ after Piageti accommodation. Becoming mora axpart In aiiy* domain 
Involves more than the mere accretion of Information (Bransfordi Nltschi S 
Franks^ 1977). We have already saen that we understand via mental 
frameworks or schemata, toa thing that characterizes eKparts is that their 
frameworks are qualitatively different from those of novices (Chase ^Sr Slmon^ 
1973), Such qualltativa concaptual change typically brings with it the 
followitig characteristics, among others i ^e interpretation of the 

' aignlf Icance of new information changes (mich as it does in sclanca when 
paradlgma change; Kuhnj 1962)| more efficlant patterns of selectivity 
developi more processing becomes tacit (see the next sactlon) , accompanied 
by graatar immarsloni and information is processed in larger chunks. We 
know next to nothing about tha' processes of conceptual changa. l^It -Is a 
question that has resisted solutldn since (^nd bafora) Plato's paradoxas of 

. tha Mano . Plagat has dascrl^ed tha differences between cognitlva states 
children pass through but has not proposed a satisfactory explanation of how 
those changes transpire. Neither has anyone alsai Perhaps metaphor i with* 
its 'capability, of dascrlblng something new in terms of what is already known 
plays an important role (Ortony, 1975), Unfortunately, it is probably the 
case that psychology will have to undergo Its own *'conceptual change" if an 
understanding of that essential learning phanomenon Is ever to ensue. 
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What Does a Schema "Feel ** Like? l NQnanAlytIc and 
Nondenotatlve Aspects of Knowledge Structures 
Given the avalanche of ,research triggered by the revival of Interest In 
Bartlett^s (1932) thinking about constructive processes j it Is remarkable 
that a central aspect of that thlnkirig has been totally Ignored* I refer to 
his concept of the "attitude*" Perhaps part of the problem was his choice 
of terms, so easily confusable with the social psychological concept. One's 
position on abortion is not an attitude In Bartlett's sense. Rather he 
described the attitude as "a general Impression of the whole * a complex 
state or process whlcH It is very hard to describe in more elementary 
psychological terms * .. very largely 'a matter of feeling or affect" 
(pp; 206*207)# Such attitudes were given a central place in the 
.constructive process, ^or eKample, recall is described as "a construction, 
^de largely on the basis of this attitude, and its general effect is that 
of a Justification of the attitude" (p* 207). If our knowledge of the past 
includes such attitudes* then those aspects of comprehensi on that depend on 
prior knowledge must also be subject to the effects of attitudes. It is 
worth noting that Bartlett is not the only person to place feelings at or 
near the center oif analysis of cognitive activity. Qn% should see, for 
e%ample/ the philosopher Pepper^s (1942) discussion of the contextuallst's 
construct of "quality," The idea Is not even original with Bartlett in 
cognitive psychology, being very similar to Wundt^s GesamtvorstellunE (see 
Blumenthal, 1970)* to take just one eKample, Neurophyslologlcal work on ^ 
differences in specialization of the cerebral hemispheres suggests the right 
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r-hemlsphere may play an Important role In this aspeet of cognition (see 
drnsteln, .1972, for an Introduetlon to this area) • Among educators, Bruner 
(i962) la one prominent Individual who has considered the Importance of such 
phenomena. Another Is Broudy (1977) • 

What are these f signature feelings" (eschewing the confusing term 
"attitude" fof one suggesting that these feelings represent Identifying 
characteristics of khpwledga structures)? Obviously we do not know. 
However, a speculatlva lln^ might proceed as follows. Consider the act of 
holding a specific object, such as a ball. In one'^s hand- Our axperlence of 
that act has d£ve:rse aspects. One of those aspects Is the one that could 
take the form of a. verbal description of the balli It Is roundj It Is whiLte; 
It has seams; It Is largar than a tennis ball| It feels amoothj etc# Such 

descriptions seem Inadequiate, however. Thmy miss the **eKlstentlal" aspect 

' . \ 

of the acts what the eK^arlenae of holding the ball In the hand feels like. 
It la the feel of experltencs that allows us to refer meta phorically to the 
"texture," "color," or "flavor" of an entity or #vent. It Is proposed, 
then, that eKperlences possess qualities, such as taKture, that permit of 
being "felt." Llkewldei they have properties amenable to verbal description. 
However, no verbal description could ever capture the quality of the 
existential feel of an ei^erlekce, except as a very rough approKlmatlon (and 
vice versa). Now, my projposal ^Is that the preceding dlchotoo^ of aspects of 
the sKperlence of holding 
"hplding" of a concept In 

have properties that can be decomposed and' analytically eKamlned^ However, 



a ball in the hand Is ektendable by analogy to the 
the mind I ^healve concepts i however compleH, 
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they also are " aKpaaflenQes ^ and as sueh they have textural, geatalt^llke 
properties that can only be felt* (A distinction should be made between 
feelings related to the experience of having an Idea and feellTigs related to 
the conttnt of the ideal within the latter a further distinction can be made 
between more and leas analytical verbally describable properties, likej 
e»g* * the white color versus the amobth feel of the ball). 

Work in the schema^thedretlc tradition hag focused on the structure of 
knowledge that must be analyEed^ rather than on the texture that must be 
felt. Accordingly, there is very little to be offered as support for these 
vlaws. Howeveti a body of data concerned wich meaning at the level of the 
Individual word la suggestive. Clearly , word meaningi have an analytic 
aspect, which la what lexicographers and aemantlclsts study* However, words 
have also been shown to have psychological meaning of a far different kind 
from that studied analytically, I am ^^inklng about the results of research 
using the semantic differential (Osgood, Sucl, |j Tannenbaim, 1957), which 
have aemonstratad that much of thp variability in judgments concerning words 
is due to their evaluative connotations. For an exemplary review of other 
research that suggests a central role for affect in cognltloni see Zajonc 
(Note 4). Please nota, howevtr^ that the concept of a feeling under 
dlacus^lon, while including affect, encompasses many other nonaffectlve 
aspects of feelings I ,^ feelings of somnolence. 

Aasuffllng one accepts the preliminary phenomenologlcal evidence for 
signature feelings , one might still Inquire as to their utility. What la a 
feeling good for? ^ny thlngSp, It seems to m¥r^ Ptrit, thtre is the role 
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designatdd for attitudes In Bartlett*s theory. Thay are durable qualities 
of p4\st avanta^ whose appearance precedes and facilitates the retrieval of 
detallad information ("1 don't quite remember what happened In the situation 
you refer to^ but I know it was somethlhg sort of unpleasant and puzzling"). 
In an evolutionary Sfnse, It would appear to be adaptive to remember for the 
future those situations In which you experienced feari pleasure ^ 
gratlf Icatloni etc. The attitudes or feelings then remain active In ^ 
monitoring the reconstructive process | for examplei forming the basis for 
rejection of generations that do not fit ("It seems like that might have 
happened, but it does not feel rlght^^I have a feeling that It did not 
happen")* . V cj 

Howevar, their constraining function may be more general. As Langer 
(1967) has pointed out, we need both models of how things work and^images of 
how they "appear" (by which she meant something similar jto what I have b^ert 
referring to as that aspect of Imd&ledge structures that is holistically 
felt)# Our mental modfls of things (Including the mind) too often 
perpetuate new paths and directions that we are deluded Into thinking are 
correct by their systematic fit with that which preceded them. We need the 
holistic image to be able to detect when our models df how things work no ^ 
longer fit the "look" (feel) that the system was supposed to analytically 
describe. It is what enables us to say that something which does not appear 
to create any logical inconsistencies or to violate any of our ieKpllcit 
knowledge of tha world neyerthalass "does not faal right." 
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Signature feelings may also have various kinds of efficiency benefits. 
They are single units or chunks^ thought of all at the same tlme^ and they 
are often thought of rapidly (as when somtbody aayi they have had a "gut 
reaction*' )s thus making more parsimonious use of our limited processing 
capacity. There la another^ perhaps more importanti sense in which such a 
mode of processing may be efficients Where It Is not possible to think 
analytically about two things at the mimm time, ifc may be possible to think 
about one thing while simultaneously feeling several othets, as when Broudy 
(1977) talks of ^'knowing with" or Bransford et al. (1977) speak of thinking 
■'In terms of" some context* (Of courses this begs t^e question of what 
potential Informational value Is carried by a feeling). Perhaps feelings 
are more Amalgamable Chan more analytic or denotative entities. If so, 
feelings and the characteriitlcs of knowledge that enable them may be an 
appropriate place to start looking for the answer to that Important question 
ot conceptual change posed earlier « It may be in the rapid Interplay of 
feelings (so much like the combinatorial Idea play that Einstein spoke of) 
. that the source of the creation of ideas ^ later to receive their analytic 
flesh and bones > may be found. If so, how sad It woulcl be if it were 
discovered that the real problem of many readers Is that their instruction 
sk automatizes them that they do not develop a feeling for what they read or 
do n^t use the. feelings available to them In the deyelopmertt of newc \ 
unders^^dings from reading* ^ 

* ' ■ » . ' ■■■ ■■■ 
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Footnotes 



Teehnically, automatle proeesaea are those that do not require 
conscious attantlon. However, for the purposes of the following highly 
condensed dlscuiiionj we will be somewhat more general In the use of our 
terms. Thus, In automatlolty we may sometimes be ineludlng rapidly executed 
processes that do ^require ioLe conscious attention. ^ 
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